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KEKB and Belle

Physics targets:

CP Violation,
Spectroscopy,
7 Physics,

< ..5,1999-2010
{ -

New Physics beyond Standard Model,

KEK B=Factory-~

Belle data samples:
On resonances:

T(5S): 121 fb~!
T(4S): 711 fb!
T(3S): 3fb!
T(2S): 25 fb~!
T(1S): 5.8fb!
Off reson./scan:
~100 fb!

Total: ~ 1000 fb—!
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Outline

Search for NP in B — D®)tv
B Ars(B — Xs¢¢7) with sum of exclusives
ete~ — bbinclusive & exclusive
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Search for NP in B — D®)ty
m Process with third generation quarks and leptons
m In models with charged Higgs bosons their couplings are proportional to
lepton mass, hence NP effects are enhanced for 7.

< T New Physics could change:
Vo m Branching fraction
//’/WVH+ m 7 polarizaion
5" : . - Igffect could be different for D and
q q

2
BaBar result shows 3.4c away from SM: PRL109, 101802(2012); PRD88,
072012(2013)

Experimental challenge:
2 (hadronic t decay) or 3 (leptonic T decay) undetected neutrinos J

_ #B—-Dtv) . BB—-DtVv)
 #(B—DI-v)’ A= B(B— D*I-v)) ' I=eu M
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Search for NP in B — D)ty

m Statistics: 772 x 108 BB pairs
m Selection:
B By is reconstructed using hadronic full reconstruction algorithm,
which includes 1149 B final states (e,ec =0.3% and e,ec = 0.2%). Additional
requirements on purity of B,y sample preserves ~ 85% of signal B — D™ty decays
m 7 is reconstructed in the leptonic decays © — evv,uvv,
so the signal and normalization modes have the same final particles — reduces
systematic uncertainty of R*)
m In the events with By,y we select D)/ (D=, D0/~ D**|=,D*°I"), I=e or u
among remaining trackgs and clusters:
B Dt K rntat, KOnt, K0nta® Kontnnt; Dt — DOnt, Dtaf;
m D0 Kt K- T 71:Jr K- 71:*750 K9xO, K°71:Jr ;D0 D°7t° Doy;
B -02< Mr?‘uss <8.0 (GEV/CZ) mlSS (Pbeam PBtag P P/)2

B ¢? > 4GeV?/c?, ¢° = (Pg— Pp.))?; — suppress semlleptonic B decays

/ ‘\~ e, arXiv: 1507.08233.
v Accepted by PRD.
aiza



Search for NP in B — D®¥zy

M2, . range is split into two regions:
E M2, <0.85(GeV/c?)?: populated by events of B — D eve, D py,
B M2, >0.85 (GeV/c?)?: enriched by B — DM tv, (T — eveVvs, Uvyvs)
Simultaneous fit to both regions.
m To constrain B— DWev, D)y yields, fit on M2, (peak at zero).
m Region(2), some bkg like B — D**Iv has M2, and yield similar to t signal. So fit this region
on neural network output (Ong).

- B— D*tv

¥ B- Dy

M B D*y
B— DIv

wrong charge 600
o,
. wrong lep
I rest
. wrong D

B— D**lv
|

D%- sample

0 02 04 06 08 1 12 14
M2, _[GeVZ/cY] M2, [GeVZ/c]

miss|
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Fit results

06 08
Moo (GeVicY)

06 08 B 05 08
M (Gevich) ) M (GeVict)

arXiv: 1507.03233.
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Results and NP in B — D*) ¢y

T 070 R=03752008 (stat.) + 0.026(syst.)
F | R* = 0.29370 13 (stat.) + 0.015(syst.)
06—
[ Correlation of stat. uncertainties: -0.56
05—
0.4
03F
0.2

SM: R=0.297 £0.017 B
R*=0.252 £ 0.003
BaBar: R =0.440£0.058 £ 0.042

SM
B BaBar
® Belle

R'=0.332£0.024 £0.018 -+t lios
PRL109,101802, PRD88,072012

m R(D) =0.329+0.060 +0.022; R(D)apm = 0.590 +0.125

—— theor. R(D)
Il measured R(D)
~—— theor. R(D*)

i R(D")

e v Lo Lo b Lo Lo Ly
0.1 02 03 04 05 0.6 07 08

tanﬁ/mH,(cz/GeV)

m R(D*)=0.301+0.0839+0.015; R(D*)oppy = 0.241 +0.007
Belle result compatible with 2HDM type Il model in the region around

tanB/My- = 0.45 (GeV/c?)~" and zero.
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And the g° Spectrum

SM B - Dtv: p=64% NP B - Dtv: p=53%

entries

[ T S S R R (N
q(GeV?)

entries
entries

12

" 12 "
GHGeV?) (GeV?)

SM B - D'tv: p=11% NP B - D*tv: p=49%

m The D/~ and D%~ samples and the D**/~ and D*°~ samples are combined to increase
statistics.

m NP: Type-ll 2HDM result with tanp /M- = 0.5 (GeV/c?)~!

m A x2 test shows that both hypotheses are compatible with Belle data.

arXiv: 1507.03233.



Arg(B — Xs¢¢~) with sum of exclusives

e Forward-backward Asymmetry (Arg) can be expressed with three Wilson

coefficients (C, Cy, Cyp)- b -
_ N(cos®>0)— N(cos§ < 0) o, & co A) 0
Ars = N(cosd > 0) + N(cos 6 < 0) Re [(207 09 ) C‘O}

@ di-lepton rest frame

Itl™: ete” orptyu~

- Xsi= K*/Ks + up to 4 (at most 1m°)
9 [ K 1:K Ks
s [Km |:Kn, Kgm, Kn®  Kn°

‘Xs|  [K2n]:K2m, K2m, Knn®, Kgmm®
[K3m] : K3m, K¢3m, K2nm®, K 2mm®
[K4m] : K4, K4, K3nn®, K 3mn®

My < 2.0 GeV/c?

m b— s{t( is studied to search for New Physics.
m 10 flavor specific states for Apg measurement (~ 50% of total).
m Neural network for suppression of continuum and BB semileptonic bkg.
m Veto Charmonium: J/y and y(2S).
arXiv: 1402.7134
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Signal extraction

m Divide data into 4 g regions to perform a fit.
m Correct AZS to AfE.

true
AFB

bk x ALV a : scale factor due to rec. efficiency
= a® X B X A]r:an,ee B : correction due. to different
Charmonium veto range.

— « is derived using MC with various sets of C7, Cg, Cyp.

¥(2S) veto

5 10 15 20

o [GeV 2] q? [GeV ]
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Fitting for Arg(B — Xs007)
m Unbinned maximum likelihood fit to My, for each g2 bin: positive/negative
cosH, ete  /utu-.

— + - ]

% oof B - X.eTe [ B > Xe'e Total
3 forward backward .
< Signal + cross feed

40 :
pt Non-peaking B.G.
2 Peaking B.G.
c 20
[
&

0 L a .'. L3

—_ —_ D

waf BoXgtp | | B Xoutp
2> backward
E =
n
N =
~
TR
: } £

977 524 526 528 524 526 528 530

M, [GeV] M, [GeV]

. ) El Leakage from B — J/y(y(2S))Xs veto.
m Dominant systematics H Double mis ID from B — D) nx.

—a correction, peaking bkg. Swapped mis 1D in B — J/y(w(28)) Xe.
11724



Result of AFB(B — Xsf—i_f_)

u Arp

are consistent with SM.

m The deviation of the 15! bin (g% < 4.3GeV?/c?) is 1.86.
m Exclude Arg < 0 at g% > 10.2 GeV?/c? at 2.30.

m First measurement of inclusive Arg with sum-of-exclusives

1.0
= >
[ binned SM prediction
0.5 : === SM prediction
—+— Data
ra
< 0.0
® 2
0.5 g | I3
. > z,?
>
. = E arXiv:1402.7134; submitted to PRL
_‘I.O L v by o e by
0 5 10 15 20
o [GeV?/cY]
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ete~ — bb inclusive & exclusive

Mass (Mev) » Understand better the vector states
" Y1020 above open bottom
o ooz » Study charged bottomoniumlike states
Thresholds:
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA BsB;_
o N ?:B_'_
R < 55
10300} X4 (2P) X, (2P) Xy, 2P)
_ T(1°D,)
9900 20 (1P) 4 (1P) % (P
:I:ln
9500
n, (1)
T(1S)
JPC - O—+ | l+— ) 0++ l++ 2++ 2=
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Previous results on Z, states

Z observed in five different modes:
PRL108, 122001(2012)

(avarta/10 wav/e')

Y(1S)'s
Y2S)n'x
YES)p'E
(1P
h, (2P’

Average

hy(1P)e

Z,9 Results:

10000
- 8000
Yo | o o Y(@ES)ne 6000
fe 3 4000
fe § b J‘l 2000
' . *«ﬁ °
| T e T e R R “:m;‘,mu -2000
HITADN,, (Gev/ch) Mv@eym,,, (Cev/e) (32 1), (Gev/) 104 1d_5 106 16.1
Z,(10610) Z,(10650)  Average for Z,*: s J—
| T T (M, )=10607.242.0 MeV | 15000} °
(T, )=18.4+2.4 MeV 12590
- —— - - 10000
- - . —— 7500
N I L |[{My) = 106522815 MeV |
i i (T, )=11.5+2.2 MeV 2500
-10 10 -1 10 10 10 -10 0 0
R L A R e
M, (1), GeV/c?
=} | MZb1 7M57M5* =

(M, ) =10609+7+6 MeV

Consistent with Z,*

X.L. Wang(VT)

(Events/10 Mev/c’)

o4 0as 105

H(Z(25)m,,,, (Gev/e')

Resent results@Belle

2.4+2.1 MeV/c?
| ,\/’Zb2 — MB* - MB* =
1.8+1.8 MeV/c?
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__ o(ete —bb)
Ap = o%(ete —utu-) .
= |Anr[2+ |Ar + Ass€'55Ts s + Agse’es fyg|?

Procedure: L
Count hadronic events o Mriss) = (10881941
B Subtract scaled cont. (udsc) | [r(ss) = (49.8+1;
A Subtract ISR 7(15,2S,35) o+

A Do efficiency correction

B Divided by lum & 62(u* 1) 0.2 MT(GS (14902.9+1.1738) Mev/c?

[ Mr(6s) = (3857 ggg MeV

m No ISR corr.; no VP corr. o1 '

m Fit with constant width BW in i
small energy range.

m Need better model to fit

S

WMMM;
0.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11 11.05
Is (GeV)

-

Agree with BaBar [PRL102,012001(2009)] with improved precision
Ecm=10.54 —11.20 GeV, 5 MeV step for > 300 points, 3.9 fb~—! in total

arXiv: 1501.01137
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ete” —ata T(nS)

w

[N IR DN - S ORI - ) c'u-aunooruu-h

m tag T(nS) — u*u~ and select
tr, fit to |Ass + e’¢A63|

m T(5S)
m M=(10891.9+32798) MeV/c?

3
Rytsyx10
N

-

o

m = (537774129 MeV) 5
m T(6S) %
m M=(10987.575222) MeV/c? o

M= (6173722 MeV)
m Results agree with previous
measurements

m Also agree with fit with R,
reasonably well

m Still room for improvement

N

Ry asy<10°

=]

e
- o

arXiv: 1501.01137

s (GeV)
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ete” — nta hp(nP)

m Reconstruct 7t 7z, require 7%/~ recoil mass in Z, region:
10.59 < M2, (7) < 10.67 GeV/c?

miss

m check the 7~ recoil mass for h,(nP)

700l 1400
1350
600} 1300
1250
500 1200

ntn—hy(1P)

1000 - J;
1000

mﬂﬂjrlp]t ||J[|J[|“1UJ[|1 0
08 085 98 985 10
M_._(x'T), GeVic® M__('m), GeVic

‘miss! ‘miss

1150

3000

2000

Events / 5 MeV/c?> Events, 102 /5 MeV/c?
Events / 5 MeV/c?> Events, 102 /5 MeV/c?

I3
o

o S
=
—
| ——
——
(——
i —
——
—e—

arXiv: 1508.06562
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ete” — nta hp(nP)

Anf(S)|BWss + a- € BWss+b- €|

T(59)
m M= (10884.7"32188) MeV/c?

m 1= (44.2179728) Mev

c®(h,(1P)T" 1) (pb)

T(6S)

m M= (10998.6+6.171%") MeV/c?
m = (297202) MeV

a— 08T
m Resonant parameters agree with
those from ete~ — Tz~ T(nS)
m ete” — ntn hy(nP) at the same
level as et e~ — ntn~T(nS)
m 15! obs. of T(6S) — xtn~hy(nP)

6°(h,(2P)1"T) (pb)

l _________ o

oo b by b by
108 1085 109 1095 11
Ecn (GeV)
arXiv: 1508.06562
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Zpinete = ntn hy(nP)

m Events mainly from Z, intermediate states, not clear if only one Z, or
both.

m Belle Il will tell us.

o 6000 F e T

< ntnhy(1P)  Z1e000 +n-h..(2P

£ 3 & T

£ 5000 14000 b(2P)
4000 F 5

o 12000

3 4o z 470

& 3000F 34 £10000
2000 8000

6000

1000 -_L ........... 1
; ey | 4000
il l 1 _1_. | 2000 _E}_' +
O] S—
-2000 ..L. Al

1 -2000F 4 1 L 1
105 106 107 108 5 1065 10.7 10.75 10.8 10.85
M,,s(T), GEV/G M,,s(T). GEV/G?

m An evidence of T(6S) — Zy(— hpm)=.

arXiv: 1508.06562
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Summary

m B — D™ty have been studied at Belle
m Results on R and R* agree with both SM expectation and BaBar results.
m It is also consistent with 2HDM type-1l model in the region around
tanB /My = 0.5 (GeV/c?)!
B Arg(B — Xsf1¢7) with sum-of-exclusives
m Exclusive Arg <0 at g° > 10.2 GeV?/c? at 2.30.
m First measurement of inclusive Arg with sum-of-exclusives
m e"e  — bbinclusive & exclusive

m improved knowledge on T(5S) and T(6S)
E o(ete —» T(nS)rtzx~ and o(ete™ — hy(nP)xtn~ are similar.
m An evidence of T(6S) — Zp(— hpm).

Thank you!
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Backup
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Neural Network

One network per reconstruction sample

Signal: tau signal
Background: D™, wrong charge CF, wrong lepton, D, rest

Input variables:

Mzmiss

Eec.: sum of energies of clusters not assigned to B, or B,
- Most powerful variable

Momentum transfer g2 and lepton momentum p,

- Correlated with M2 . _

Number of unassigned n® with |S | < 5

Cos of angle between D™ momentum and vertex direction
Decay channel identifiers
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~

NB
%70 Tau signal
_&Esac_ %so
é 2 D*_€+I/e H
25

a’l] n I

@
&

its / ( 0.466667 )

- PR I SVEIT i P | L. Y
~1 08 06 04 02 0 02 04 06 038
Network Output

g/g

Transformation of the neural net
output (ong) for easy parametrization:

ONB — Omin 5

/ —
ong = In

Omax — ONB *

X.L. Wang(VT) Resent results@Belle 23/24



B — D™)zv projection: Egcy
D Ergc1, projections
for M2.. > 2GeV?

miss
I B— D#tv
[ B— Dtv
B— D*lv
B B— Dlv
[ other BG
[ B— D**lv

Events

Events
Events

02 04 06 08 1 1.2 0 0.2 04 06 0.8 1 1.2
EgoL (GeV) Egc. (GeV)
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